ABSTRACT
The Correlation of Serum NT-proBNP Levels of Hemorrhagic and Ischemic Lesions Detected with Diffusion MRI in Head Traumas

Kafa Travmalarında Difüzyon MR ile Tespit Edilen Hemorajik ve İskemik Lezyonların Serum NT-proBNP Düzeyleri ile Korelasyonu
InTRoduCTIon
Cerebral computerized tomography (CCT) immediately after head trauma is a commonly preferred method. CCT bears importance both in the fast evaluation of calvaria and cerebral parenchyma and the detection of cases requiring immediate surgical treatment (5).
Good structural imaging is possible with CCT. However, CCT can sometimes be normal but various neurological disorders may be present in patients, or CCT findings can fall short in being able to explain neurological manifestations (5, 18) . Therefore, it is beneficial to view and evaluate functional and physiological properties in addition to structural imaging in such cases. Both structural and physiological evaluation is
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possible with MRI due to its ability to use various sequences and its feature of higher resolution (5) . Besides, it is common that patients with lesions especially in deep white matter and brain stem following a head trauma are faced with worse prognoses and results. With a much higher sensitivity in evaluating these areas than CCT, MRI is an imaging system that can greatly contribute to identifying their prognoses functionally, and long-term results (5, 18) .
Diffusion-weighted MRI has been proven to be valuable thanks to its ease of application as in its ability to obtain images in one minute without the need of contrast and to be diagnostic for numerous diseases. Diffusion-weighted imaging is highly sensitive to changes in microscopic movements of water molecules and is quite responsive in the distinction of cytotoxic and vasogenic edema, especially in acute cerebral ischemia. Parallel to this, it is significant in diagnosis, treatment, and prognosis prediction (18) .
BNP is a neurohormone that is produced and secreted after the stretching of cardiac ventricles due to volume and pressure overload. In addition, it is a natriuretic, effective vasodilator factor and it is able to decrease the cerebral blood flow as a result of its systemic effects (16, 20, 21) . This neurohormone is secreted as preproBNP and then divided as N-Terminal proBNP and BNP by being enzymatically disrupted due to the stretching of ventricular myocytes. The active hormone showing effect in the body is BNP. However, it disappears in the blood in a very short time. Thus, testing the NT-proBNP that exists for longer in blood, is secreted in equal amounts at all hours of the day and night, is quickly identifiable and that is more stable is preferable (9) .
The role of natriuretic peptides in acute trauma has not been widely studied. However, studies have demonstrated that BNP plasma concentration increases following head trauma (20, 21) . Serum BNP levels following head trauma have frequently been studied in patients with severe head trauma and have been found to significantly increase intracranial pressure (20) . In such patients, clinical picture is often accompanied by additional pathologies, such as hypoxia, hypotension, and multi-organ trauma. BNP values might be influenced by systemic factors. Therefore, we preferred patients with mild and moderate head trauma, especially isolated head trauma. We aimed to evaluate the correlation between the dimensions of ischemic and hemorrhagic (intraaxial/extra-axial) lesions and changes in the lesion dimensions identified by diffusion MRI in these patients with serum NTproBNP concentrations. Our main objective is to establish whether evaluation of serum NT-proBNP levels is effective in the follow-up of intra-cranial lesions after head trauma.
MATERIAL and METHodS
Our study was conducted at the Departments of Neurosurgery, Radiology and Biochemistry following the approval of the Faculty of Medicine Board of Ethics at our University.
In this study, 30 patients that were admitted to our Neurosurgery clinic between the dates of March 2009 and March 2010 due to mild (GCS 14 or 15) and moderate (GCS 9-13) head trauma were evaluated. Of the patients, 20 were male and 10 were female. A 10-person voluntary control group that was comprised of 6 males and 4 females was formed in order to establish normal serum NT-proBNP values.
Patients underwent brain diffusion MRI at the 24 th and 48 th hours following their admittance and plasma NT-proBNP levels were checked at the same stages.
Diffusion-Weighted Magnetic Resonance Imaging
Brain diffusion-weighted Magnetic Resonance Imaging of the cases included in the study was obtained from the MRI unit of the Department of Radiology.
The study was conducted by utilizing 1.5T GE Sigma Highspeed Scanner Excite MR system (General Electric, Milwaukee, WI, USA). All the cases were prepared for the test in supine position, so as to be centered on brain coil. Patients and the relatives of the patients were informed about the rules they had to follow during the test. Communication with patients was done through an MRI-compatible headphones system during the test. At the time of imaging, patients were not applied any sedation.
Following the obtaining of 3-plane-localizer (pilot) images, b1000 weighted images were taken in the axial plane. The parameters used in the images are as follows: 
Analysis of the Images
The obtained diffusion-weighted images were evaluated at the workstation of the MRI system (Advantage Windows, 4, 2 software version, GE Medical Systems).
The volume of the pathology detected in diffusion-weighted imaging was established by multiplying the slice thickness and the plane. Volumes of the pathologies identified by DWI were evaluated in "mm 3 ".
Pathologies identified by diffusion-weighted imaging were categorized as intra-axial ischemia (IAISC), intra-axial hemorrhage (IAHEM), and extra-axial hemorrhage (EAHEM). Infarctions in brain parenchyma were evaluated in "IAISC", contusions again in brain parenchyma and intra-cerebral hemorrhage in "IAHEM", and epidural, subdural, and subarachnoid hemorrhages in "EAHEM" categories.
Biochemical Analyses
N-terminal proBNP test: 5 ml blood specimens were taken from each patient after a period of fasting and collectively tested after storing in -70°C after the serum was separated in centrifuge for 1 hour. Repeated freezing and thawing procedures were avoided.
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N-terminal proBNP measurement was conducted by electrochemiluminescence immunoassay method quantitatively with an immunoanalysis tool with the compatible kit.
N-terminal proBNP was tested by chemiluminescence method in Siemens IMMULITE 2000 (Flanders, NJ, 07836 USA).
The test was carried out by the ECLIA (electrochemiluminescence immunoassay) principle that utilizes the sandwich principle. The fundamental principle is the formation of luminescence by electrochemical reaction initiated via an application of voltage to electrodes following the electrode contact of magnetic microparticles, on the surface of which an antigen-antibody reaction occurs. Luminescence occurs as a result of radiant energy or a diffusion of light occurring when an electron is stimulated (ruthenium) or when it turns from a high energy level into a low energy level. First of all, antigen in the specimen (NT-proBNP) creates a sandwich complex with polyclonal NT-proBNP specific antibody labeled with biotinized polyclonal NTproBNP specific antibody and a ruthenium complex. This sandwich complex is then bound together as a result of biotin-streptavidin following the addition of streptavidin labeled magnetic microparticles. While the magnetic microparticles charged with immunocomplexes flow through current cells, they accumulate at a certain spot on the electrode with the effect of the magnet. They stay in that position for a short time. Later on, an already established amount of voltage is applied in order to commence the electrochemiluminescence reaction. The resulting diffusion of light is measured by a luminometer. When the reaction is complete, magnetic beads are released and taken away by washing with a washing solution. The results are obtained by calibration curve created with tool-specific two-point calibration and master curve specified with reactive barcode.
The obtained serum NT-proBNP values were assessed in terms of "pg/mL".
Statistical Method
While the findings obtained in the study were evaluated, SPSS (Statistical Package for Social Sciences) for Windows 17.0 software was utilized for statistical analysis. And while the study data were evaluated, a One Way Anova test was used for the comparison of definitive statistical methods (Average, Standard Deviation, Percentage) and Quantitative data, and in the case of more than two groups, for the intergroup comparison of parameters, and an LSD test was utilized to detect which group was causing the difference.
The results were evaluated at a 95% confidence interval and at a p<0.05 significance level.
RESuLTS
This study was conducted on a total of 30 cases, 10 of which were female (33.3%) and 20 were male (66.7%) aged between three and 89. The median age of the cases was 34.8±24.8. The control group was comprised of a total of 10 cases, four of which were female (40%) and six were male (60%) aged between 16 and 75. The median age of the control group was 35, 3±17, 4. Figure 1 , and the distribution of pathologies identified by the 48 th hour DWI according to the 48 th hour NT-proBNP values are shown in Figure 2. dISCuSSIon Identification of the amount and characteristics of brain damage in the shortest time possible following head trauma has been demonstrated to be important in estimating its results in the long run and the consequences (19) . Numerous researchers, in recent years, have been emphasizing the role of brain injuries in the formation of neurocognitive deficits and behavioral abnormalities. As a result, interest in various advanced imaging methods for patients with head trauma has increased (11).
CCT is quite beneficial for the evaluation of intra-cranial hemorrhage, cerebral edema, midline shift, and calvarial fractures. Often damaged gray-white matter interface, Recently, Diffusion-weighted MRI was demonstrated to be very valuable in the evaluation following head trauma due to its ease of application and its diagnostic characteristic for many diseases (18) . Although it is more common to observe cerebral ischemic lesions and findings belonging to these lesions in severe head trauma, cerebral ischemic lesions accompanying the trauma may also develop in mild and moderate head trauma. The fact that CCT cannot display acute ischemic lesions, especially their dimensions, and that Diffusion-weighted MRI is very valuable in this respect 0  17  140  140  180  200  0  0  18  0  0  180  180  0  0  19  0  0  120  160  0  0  20  0  0  460  460  180  160  21  150  150  0  0  0  0  22  0  0  280  310  0  0  23  0  0  280  300  390  390  24  260  290  190  200  0  0  25  200  200  470  470  0  0  26  180  180  190  320  0  0  27  0  0  870  870  380  380  28  0  0  780  750  0  0  29  270  290  0  0  0  0  30  0  0  190  210  0  0 Akgun B. et al: The Correlation of Serum NT-proBNP Levels problem in neurosurgery practice. In particular, serum BNP levels were shown to progressively increase in patients that develop late ischemic deficits associated with vasospasm (16, 20) .
There is a limited number of studies on the role of N-terminal proBNP in head trauma. However, studies show that BNP plasma concentration increases after head trauma. BNP (NTproBNP) concentrations increase more, especially in patients with high intra-cranial pressure (20, 21) .
Serum ANP and BNP levels were reported to significantly increase in patients with focal brain edema (7) . That the natriuretic peptides have regulatory roles in brain fluid and electrolyte content has also been shown in various animal experiments and particularly its intra-cranial pressure decreasing and cerebral antiedemic effects have been reported (14) .
Serum BNP and/or NT-proBNP levels following head trauma have been frequently studied in cases that were being followed up due to severe head trauma, had complex pathologies concomitantly, with significantly high intra-cranial pressure (20) . In such patients, such respiratory and circulation problems can generally accompany the clinical picture.
Considering the serum BNP values may be influenced by systemic factors, it should be kept in mind that the additional pathologies of patients with severe head trauma may also affect serum BNP levels in degrees that show differences from patient to patient. For this reason, we preferred patients that presented due to mild and moderate head trauma, and especially isolated head trauma, in our study in order to better evaluate whether there is a relation between ischemic and hemorrhagic lesions detected by diffusion MRI and serum NT-proBNP concentrations. In addition, once again when the literature is assessed, it has been reported that serum BNP levels in cases with intra-cranial lesion following head traumas were significantly higher compared with cases that did not have intra-cranial lesions (2). However, we have yet to find a study that evaluates whether serum NT-proBNP values are affected by the dimensions of the injured tissue or from the changes in the dimensions. In line with our study, whether a correlation exists between the dimensions of the injured tissue after head trauma and the changes in the dimensions and serum NT-proBNP values was also under evaluation.
According to the data obtained in our study, the correlation between 24 th and 48 th hour IAISC and IAHEM and 24 th and 48 th hour BNP values after mild and moderate head trauma were found to be significant. Also, in patients with extraaxial lesion, serum NT-proBNP values were higher than the normal values. Still, a statistically significant relation was not established between 24 th and 48 th hour EAHEM values and 24 th and 48 th hour BNP values. As the number of patients with only extra-axial hemorrhage without the accompanying intra-axial pathology is not sufficient to provide any results, it would not be right to indicate the exact effect of extra-axial hemorrhage on NT-proBNP values. Besides, since such lesions as parenchymal edema and ischemia significantly accompany were the fundamental reasons for our preferring Diffusionweighted MRI in this study. In addition, the fact that it has a shorter imaging time when compared with other MRI sequences and applications was a significant advantage we gained by choosing Diffusion-weighted MRI since it is difficult for the patients to adjust to MRI device in the early stages following trauma. The most advanced imaging method that would let us obtain such vast information in such a short time was Diffusion-weighted MRI.
Two types of edema have been defined in live tissues. Cytotoxic edema is generally a manifestation of irreversible cell damage, especially acute infarct. However, vasogenic edema is observed more in reversible pathologic processes. Increased interstitial fluid is associated with vasogenic edema and is the cause of increased diffusion. Whereas, in cytotoxic edema, intracellular fluid increases and decreased diffusion are observed. This means that there exists diffusion restriction in acute ischemia (3, 13, 18) . So, we can define the pathophysiology of ischemia thanks to diffusion MRI. As a result, we can evaluate both hemorrhagic and ischemic lesions following an imaging with diffusion MRI. In order for this study to suit its objective, the dimensions of cerebral parenchymal damage (ischemic and/or hemorrhagic) had to be estimated thoroughly. For this reason, without settling for CCT findings in order to present the literature with the right information, evaluation was conducted with Diffusion MRI that gives more detailed information than CCT of lesions and their localization where CCT was insufficient.
When the pressure by blood on the heart wall increases and stretches the ventricle walls, BNP is synthesized by the ventricular muscle and its level increases (15, 17) .
A large molecule, preproBNP, is secreted first from the muscles on the heart wall into the cell. This large molecule is disrupted into two within the cell. One of the pieces is proBNP. When proBNP is secreted into the blood when the heart is stretched, it is again divided into two distinct structures as NT-proBNP and BNP. The active hormone that shows effect in the body is BNP. However, as it disappears from the blood in a very short time, testing the NT-proBNP level would produce much more reliable results (6, 12) . We also conducted our study by testing the NT-proBNP levels.
BNP manifests its effect by encouraging natriuresis and diuresis, causing vasodilatation, and suppressing the renninangiotensin-aldosterone system (1, 4, 8) . It decreases blood pressure and plasma volume. And as a result of this, it also decreases cerebral blood flow (20) .
Recent studies have begun to focus on the significance of BNP on neurology and neurosurgery patients. Demonstration of the increase in serum NT-proBNP levels as the infarct area grows following acute ischemic stroke suggested that the brain infarct area or neuronal injury areas might be the potential sources of BNP (10) . In addition, BNP plasma concentrations were associated with hyponatremia in aneurysmal subarachnoid bleeding, which is a significant in patients with extra-axial hemorrhage like subdural hematoma, it is not much of a possibility to be able to make the distinction of pathology acting on serum NT-proBNP values for these patients. Hence, we believe that examination of the changes in diffusion MR findings at different hours and serum NT-proBNP values of patients with intra-axial lesions following mild and moderate head trauma would be more enlightening on the relation between parenchymal injury and BNP levels. 2 shows that these patients have increase in cerebral parenchymal lesion dimensions. A very important issue that stands out is that NT-proBNP levels also increase at the 48 th hour compared with the 24 th hour in all patients that were observed to have an increase in intra-axial tissue damage at the 48 th hour compared with the 24 th hour (with or without worsening in GCS). Our study shows serum NT-proBNP value may increase as a result of parenchymal lesion growth. When Table 1 and 2 was evaluated together, little amounts of growth in lesion's dimension in diffusion MRI, can increase the serum NT-proBNP value. In our opinion, Diffusion-weighted MRI is not insufficient for parenchymal lesion detection. Maybe even a little increase in the lesion's dimension can cause adjacent tissue influence by cellular interaction. At the result it can increase the level of serum NT-proBNP value. These data show that, as the volume of cerebral parenchymal tissue injured at the hours and on the days following the head trauma increases, with even a little increase in the lesion's dimension, serum NT-proBNP levels may increase as well. These findings support the idea that BNP that is secreted primarily from cardiac ventricles can also be secreted from neuronal injury areas, moreover affected adjacent tissues, following cranial damage.
ConCLuSIon
Consequently, serum NT-proBNP values have also been observed to increase following mild and moderate head traumas when compared with normal values. In our study, a statistically significant relationship was established between
